An organ culture system for the study of the nucleus pulposus: description of the system and evaluation of the cells.
The goal of this study was to develop a methodology to maintain intervertebral discs in organ culture, thereby preserving tissue architecture and metabolic function in a three-dimensional environment. Using a microdissection technique, intervertebral discs were removed from rat lumbar vertebrae. The discs were maintained in organ culture, and cell viability was evaluated histochemically and using probes that measured mitochondrial function and thiol status. The biosynthetic activity of the cells was evaluated by Western blot and RT-PCR analysis. The in vitro organ culture system maintained the vitality of the nucleus pulposus cells. Cells exhibited a high membrane potential for 1 week. When cells were exposed to carbonyl cyanide 4-trifluoromethoxy phenylhydrazone, a known protonophore, the fluorescence was lost, indicating that the staining was specific for viable cells. In many cells, Celltracker Green, probe for reduced thiols, colocalized with the membrane potential. Histologic studies revealed that in culture for 1 week, normal nucleus pulposus structure was maintained; after this time period, alterations were observed. We evaluated the two tissues for characteristic phenotypic markers HIF-1alpha and MMP-2. We noted that the nucleus pulposus expressed these proteins. The RT-PCR profile at 7 days indicated that the cells also expressed collagen type II, aggrecan, and decorin. Three factors contributed to success in maintaining the vitality of the nucleus pulposus in vitro. First, the cells were confined within the disc itself; second, the medium was hyperosmotic; third, the medium was supplemented with transforming growth factor-beta. The fluorescence measurement provided a rapid method for evaluation of the status of nucleus pulposus cells. Histologic analysis confirmed that the cells remained viable for at least 1 week. Viability in terms of biosynthetic activity was further confirmed using RT-PCR and Western blot analysis. We conclude that short-term intervertebral disc organ culture can be used as a suitable in vitro model to study effects of environmental factors linked to disc degeneration and/or regeneration.